Abstract -This paper considers the problem of robust stability for uncertain discrete-time interval time-varying delayed descriptor systems using any combinations of quantization and overflow nonlinearities. First, delay-dependent linear matrix inequality (LMI) condition for discrete-time descriptor systems with time-varying delay and quantization/overflow nonlinearities is presented by proper Lyapunov function. Second, it is shown that the obtained condition can be extended into descriptor systems with uncertainties such as norm-bounded parameter uncertainties and polytopic uncertainties by some useful lemmas. The proposed results can be applied to both descriptor systems and non-descriptor systems. Finally, numerical examples are shown to illustrate the effectiveness and less conservativeness.
Introduction
When designing a discrete-time system using computers or special-purpose hardware with fixed-point arithmetic, the occurrence of various nonlinearities due to finite wordlength, namely quantization and overflow are generated [1] [2] [3] [4] [5] . These nonlinearities may lead to instability. Therefore, the stability analysis of discrete systems using various combinations of quantization and overflow nonlinearities has drawn attentions [6] [7] [8] . Kandanvli and Kar [6] addressed the problem of global asymptotic stability of a class of uncertain discrete-time state-delayed systems employing saturation nonlinearities. Kandanvli and Kar [6] just considered saturation nonlinearities. Also, Kandanvli and Kar [7] presented the global asymptotic stability of a class of uncertain discrete-time state-delayed systems using combinations of quantization and overflow nonlinearities by LMI based criterion. The result [7] considered norm-bounded parameter uncertainty and time-invariant delay. Therefore, Kandanvli and Kar [8] extended the result [7] to time-varying delay systems. The result [8] proposed the global asymptotic stability of norm-bounded uncertain discrete-time time-varying state delayed systems using combinations of quantization and overflow nonlinearities on the basis of LMI criterion. However, Kandanvli and Kar [6] [7] [8] considered non-descriptor systems. One possible reason is the difficulty in managing the resultant constraints related to the descriptor matrix.
Recently, a great deal of attention has been devoted to the study of descriptor systems over the past decades.
descriptor systems are referred to as descriptor systems, implicit systems, generalized state-space systems, or semi-state systems [9] . Therefore, the first aim is to extend the results of non-descriptor systems [6] [7] [8] into the stability analysis method of discrete uncertain delayed descriptor systems using quantization and overflow nonlinearities. Also, Kandanvli and Kar [6] [7] [8] considered norm-bounded parameter uncertainties. It is well-known that the norm-bounded uncertainty is more conservative than the polytopic uncertainty. Hence, the second objective is to consider the polytopic uncertainties in the discrete uncertain descriptor systems with interval time-varying delay and quantization/overflow nonlinearities. Furthermore, it is shown that the proposed stability analysis is a general method for both descriptor systems and non-descriptor systems.
In this paper, the delay-dependent robust stability conditions of discrete-time uncertain delayed descriptor systems using any combinations of quantization and overflow nonlinearities are presented by using LMI technique. Two uncertainties, norm-bounded uncertainty and polytopic uncertainty, are considered. The proposed stability conditions can be applied to both descriptor systems and non-descriptor systems. Finally, it is shown that the presented conditions are effective and less conservative by comparisons of previous results.
The notations are standard.  and  stand for the identity and the zero matrices with proper dimensions, respectively. The symmetric term in a symmetric matrix is denoted by * .    denotes     .
System description
Consider the nonlinear discrete-time descriptor systems with interval time-varying delay 
The following Finsler's lemma is needed in the proof of main results. 
Here,  ⊥ is a basis for the null space of .
Lemma 2.
[11] Let , , and  be real matrices of appropriate dimensions with  satisfying     , then
for all    ≤ , if and only if there exists a scalar
The zero solution of the system described by (1)- (4) is globally asymptotically stable if the following holds:
ⅰ) it is stable in the sense of Lyapunov, i.e., for every    there exists a    such that    for all    … , whenever    ; ⅱ) it is attractive, i.e., → as →∞.
Main results
In this section, a new delay-dependent Bounded Real Lemma (BRL) satisfying Definition 1 is derived using LMI approach. To get a globally asymptotic stability LMI condition for discrete delayed descriptor systems with quantization and overflow nonlinearities, we make use of proper Lyapunov function, Finsler's lemma, and LMI approach. Theorem 1. The descriptor system described by (1)- (4) is globally asymptotically stable if there exist positive definite matrices ,   ,   ,   ,   ,   , a positive definite diagonal matrix , matrices      …  , and      …  such that
where
Proof. Choose a Lyapunov functional candidate as By finite sum inequality like Lemma 1 of [12] , the last some terms of the right hand side in    can be changed to get the delay-dependent BRL. It is clear that
After some manipulations of (12) and (13), the following relations can be obtained
where Using Lemma 1,
where,
Therefore, if the condition (17) is satisfied, then   is also satisfied. Using Schur complements, the condition (17) is changed to (7) . ■ Now, we consider a descriptor system (1) with polytopic uncertainty. The system matrices are supposed to be uncertain and unknown but belonging to a known convex compact set of where
Proof. The result can be directly derived by the proof procedures of Theorem 1. When we apply the polytopic uncertainty (18) to the system, we can get 
Next, we will show that the proposed method can be extended to discrete delayed descriptor systems with parameter uncertainties and quantization/overflow nonlinearities. Consider the following discrete delayed uncertain descriptor systems with same dimensions of the descriptor system (1)
where the uncertain parameters are defined as 
Proof. By similar procedures of Theorem 1, the following condition can be obtained
condition of this paper gives better results than that the previous result [8] . Also, the method of [8] cannot be applied to the descriptor system. Therefore, the proposed conditions can be applied to both descriptor and non-descriptor systems. 
Conclusion
Delay-dependent robust stability conditions for discrete-time uncertain delayed descriptor systems using various combinations of quantization and overflow nonlinearities have been presented by LMI technique. Moreover, we have considered two kinds of uncertainties such as parameter uncertainty and polytopic uncertainty. The proposed robust stability conditions have been established without the decomposition of system matrices. 
